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By Edward  Peppor 
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ion »as conducted in the SACA 19-foot 
detjreino the aerodynamic effeata of 
s   of   fgrtdrual  auxiliary   JuFelatfo  and 
fuel   capacity   on  a  flghter-typc   air- 

urrni.rcBouts   of   several   confl?nrn- 
hold   150   tu  350   ,-allons   oi'   fuel  were 
cnl   fi,;htor-type   airplane   coeol   for 

Ono   tank  nrrcLfCiaont   tested,   of 
pacity,   consisted  of   roetin^ul-r   cross- 
ed  wint'  tm.ks  mounted   flush agalr.st 
of   thu   rirplrn;  modal.     Tho   othor 
tested  were  hun« under  the   fuselage 
of   the   model   by  single   struts.     Jloy 
rcss   section  and  of   two   sizes,   dubl^ned 
300-gallon  fuel  capacity  full   scxlo. 
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Fono of the tink eonfigurntions tooted bnd an 
appreciable affect oc the longitudinal stability when 
the nornaX fixed nsnter of gravity of the airplane vae 
mad aa a refcrense.  She angles of trln changed •lightly 
but no definite trend was aacertalued. 

I5SSGDU35I0S 

Ixtnrnal t.uxiliary fuel tacl'-s  of lur^e capacity, 
which ma;' he ,-j. j-en'ied to the blrplane vitfceut notarlally 
affeetl-i;; Its aerodynamic chirr etjrietica, arc of great 
lnturoat r.s r.  device for l.-.crsi.ii.ir,  ranee  Several 
Bllltary figiitrr nirpl-uios nor is service huvu flowr 
yith external auxiliary fuel tanks of annll capacity 
for this :ur,ose, 

Thio japor presents the reaultt of teats male In 
the FAOA 19-foot preaaure tuar.fl of several arrangement a 
of aodel external auxiliary fuel tanks "ith full-ocele 
capacities fro: 150 to 350 gallons.  Har^e, take-off, 
and ellub eru not Included in the llasuuslon bceouse 
e.'icb r.lrplaniä requires n. unique solution defending upon 
propulsive effieier.cy, specific fual eor.eujspt icn, noouat 
of fuel lead, ,-itltude jf ip<r. tian, r.crt.lyii-.r.io ciinpae- 
terlBti-is of ike " ir^lsne, and power siir ract erlaticE of 
the tr.jine, etc.  It is the purpose of this paper to 
shov, ^rin-arily, the effects of the specific fuel-tack 
arrangement a Investigate-; on the serodyoor.ic charartar- 
latics of the 'iir,>lrnj r<odol.  The tanks were tested at 
variou.i vertical -tlstances and angles of lncidonce rel- 
ative to the chord Una cf tiut   win,;.  1'he r:cults are 
indicative of tho tronla that may bo expected «1th sim- 
ilar Installations on other pursuit and fighter types 
of airplanes. 

M03EI Aia> T£S?S 

Several arrin£er-e&ts of external auxiliary fuel 

tanki vore tested on the   „-acale aodel of the Toutht- 
2.76 * 

Sikorsky F41T-1 airplane in the 13-foot pressure tunnel. 
(Sea fij-a. 1 tc 4.) Tills airplane modal was ohosen 
because of lta availability and because it represent« 
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a  topical  fighter-type   airplane.     The  general Tiew of 
the stodel   given   in  figure   1   shews   the   method  of  mountinc 
in   the wind-turnel  test   section.     General  dimensions  are 
gl^es   i.n   fi^'xre   8. 

y-wtl-s   of   recimipular   erma   laeMoa.-     Models   of   a 
r'iotar. ;n! tr   fuselugo   tank   of   200-gallon  capacity and   of 
tvo   soall^r   reetun,.nlar  win.--   tr.nkj   of   75-fallon  capacity 
were  attach-.-!   to   tin   airplane   model   flush with  this   under 
surfe.S'13   cf  in.-   fuselage   nni vir.gs,   respectively,     Tho 
gonnrol   ,-roport lo.is   of   these   tonics   aro   rectangular when 
vlevcd  iron   the   front   n.i   eho--n  in  fi.;uro   1.     This   .-.rraneu- 
nont   was   5U.v:ostod   by  the  Amy Air  roreec,   Material   Com- 
nnnd.     The   j.r ineip.-.l  dln^nsionc   oX  thos;:   tr.a!:i   nr.rt   t.helr 
positions   CJ   tl-o  >-.(.(• ol   aro   -;ivcr.   in  flguros   5.   6,   end   7. 
The-  win«:   t.-n^s   wore  placed  57.6   inches   fron  the   confer 
line   of the   uirpl.-.r...   model.     17o  fillets  vero  used  between 
the   tanks   nni   tho   ?lrpl.-iio   gnrfp.cis. 

lanhB.gx.-slE.gaiar-SJjia.B.jjisXisiz--   Models of ;. 1 
fuselage   ts^   of   circular   cruns   section   and   two   snail 
wing   tarks   of   sliclinr   ahrpe   designed  to  hold  300  and 
gallons,   respectively,   were   attached  to   the  aodel   ly 
as   ehe-ra   in   ;'lsuros   2,   s,   and   4.      These  tanks   are   sir. 
bo&iea  of  revolution,   ellipsoidal   ir.   shape   froc  thu  r. 
bnck- to  70  percent   of  tl.ö   totrl  lcnpth,   p.r.d   then  tr.pt 
eonic.lly   to   the   trailing   end  with  a  fineness   ratio   o 
Tho  principal  dimensions   of   these   tanks  nnd their   pos 
on   the   t.lrpl.->no   nro   glvor.   in  flgur-f   8,   9,   10, rnd   11. 
tho   att.-.chin^   struts  h«ve   <\  crosc-sectienal   shape   Air. 
to   tho  longitudinal   cross   section   of   the   tanks,   vith 
length  of   9.S   inches.     'Jo  fillet"   wore   uied  at   tho  pi 
of attachment   cf  the   s;r"tn. 

arge 
er 
150 
struts 
ilnr 
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Th_ wing t.-mks were =1 so placed 57,5 inches spanwiso 
fron the center line of the rodol.  Tho vertical position 
of tho lrrg.; fuselago tank (?0C-gr.l> capicity) wes ?ueh 
as to insure ground clor.roace with the chcex Absorbers 
rnd tires fully deflected in the threo-polnt nttitudc. 
Three tank nn<'les of incidence wore tested in this posi- 
tion.  The tunk was the? rni3ed approximately one-third 
Its dinr.otcr rnd .t^ai.n tested at three angles of incidence» 
The small fuselage tank (150-gal capacity) was tested at 
the sace verticc.l positions r.s the large tank relative 
to the tank center line, but for only one angle in each 
position.  Ihe "Iv-e  tanks (ltO-5r.l1 capacity) woro tested 
at two Terti.?:l positions nnd tvo tingles of lneidonco at 
each position.  The distance fron the lowor surface of the 
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drrc coefficient jf tunk arrnngeaont based 
on  to teil frontal area of  tanks [ACpO/Sg)] 

tank  nrrangemant drr.g lneroment  r.t  100 milas 
p%.r  hour,  pounds 

lift 

drag 

pitching moment 

dynamic preasure la undisturbed stream, pounds 
par squara foot 

vlng area (41.6 sq ft) 

total frontal erea of tank arrangement, 
square feat 

mean aerodynamic ohord (3.85 ft) 

geometric angle of attack of root ohord corrected 
for Jet-boundary interference effocte, degrees 

an^le between chord lino of vine and conter line 
of circular tank, degrees 

distance between loser surface of the airplane 
and center line of tank, inches 

Drag 

Rectangular tanks.-  The rectangular tank arrangement 
la the least desirable of the arrangements tested.  The 
raluos of AC3 for this arrangement wtro more than 300 
percent higher than thus-- v.luus for any of the other 
arrangements investigated,  For .-. chac^o In the TC.IUD 
of  CT  from 0.2 to 0.5,  iOj  shoved a gr-ator variation 
for this arrangement tarn for any other; It changed from 
0.0054 to 0.0064.  This result «as due to the fact that 
the minimum drag occurred at a lover value of lift coef- 
ficient for the rectangular tanks than for the other con- 
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figuration« tested. Tl^ura  17 »how« variations of the 
tBBk-arr.-.ofensnt draf coefficient basal on tha total froutal rrea. 

Circular tank«.-  The circular fuaoltpe-trak nrraa^o- 
aeats have, the «».-liest values of ACQ.  Iho lr.rgd circular 

tank e,svii   slightly higher vniv.as thaa tho sn-.12i circuit? 
tank but it ^'u-t bd rea<niboro;'. that It hie   tvleo the fliol 
0".prcltjT.  ?;i.' t '-atr rn^rlus of Incidence riud verticil pos- 
ition h^d refill otfocte   on tho value* of  AC;)  obtalnod 
for each ."rriAt'onpnt.  Phi! circular wi»i/-tr.nte nrr-inf.oncnt 
had slightly moro dr-ig shna tho funul-.i;,.- tr.n!:s, and this 
result nay bi due te interference offsets between the 
tanks and the «ins surfaces.  It would seam uere doe 1 ruble 
to hava tha vertical dis.tf.njj cf the via;; tar.!:« aa largo 
aa feaai'.io   to «void thum ijterfj'-cna-j i/ffonin, vhich 
may be lsrfti with '.ho ailerons or flepa  doflectod.  A 
«nail Improvement -./culd bo ox;icale.t with fill.ite butwo;n 
tho struto nud attached surfaces. 

Tl^nre 1? above the variation of the dra,~ coeffi- 
cient« of the several tank arrangement a based on their 
total frontal eras vith the lift coeffieieat of the air- 
plane.  The frontal areas of the circular tacke of various lengths ara ^ivon la figure IE. 

Maximum lift Socfflolent 

Thu rootangular tanks decreased tao value of the 
•axiBun lift coefficient of tl.o plain airplane codol 
free ej^roxii-ir tel/ 1.40 to 1.29.  ?ho value« of naxinuio 
lift coofflcirnt for ta-j circular tr.nk tfcro not iecrensed 
so much, 03 they all foil in r Trarc   of froj 1.32 to 1.35 
with tho cxcoptlon of two prrr.ngjsinnts, ono of tio larje 
circular fusoirge trnfc r.nd ono of the clrcul-.r wla»-ta^k 
nrran'jxcnt, which gave vnluns of Olmrx     of 1.3Ö and 
1.31, r.'spustivoly.  (See t-blo I.)  Inasmuch as all 
maximum v,-lu»s oX     Cj  oMMnod fall vith in these Halts 
It nr.y bo enid th.:t tha r.dditioc of .-.-:.• .-rfMactnoat of 
taaks hid r.  3awll effect on the a-.Klmun lift coefficient 
of tho plain airplane. Ihr.   »ver-jB doeruneo is about 
4 percent.  Thie deerir.ee.  would lndlcr.to a alight offoet 
ea tho landing spevd with tanks ouptjr and with flaps r.n& eontrols properly sot. 
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Maxiann l/s 

The percentage  change  of  the  aaxlnua vain»  of L'D for 
the airplane  «rhon  tanki  ar«  nttachsd «111  not  noces- 
earily  be  the  sate  for  any  othor  fighter-type  airplane, 
lb*  mailxur.  values   of     S/3     of  the   codel   testad  varied   froa 
14.16   for  th«   nirplpiic   without   tn:i!ts   to   11.94   for   the   *lr- 
pla..e  with reethn.-sular   trnfca.     ?he  addition   of   the   ruc- 
ta:i»'.ilar   tenka   lowered   tl.e   aaxixum value   of     L/3     »;' 
15.7   percent.      The addition   of  the  clroulur   fusela^o 
tan Ira   lowered  tho  -exiis-iu  value   of     L/3     ty  3  ptre.int 
for   th« test   nrran .er.e.it.     The  vainos   of     d     and     jS 
of  the   circu.'.cr   f^jol-i;«   ta-.k'.   haJ   snail   effects   on  the 
maxicum veluns of Th* best arrangement of circular 
win;;  tanks   lcwerei   '.tu   ir-ilsu  value   of     1/3     by  4.9 
percent.     Euro   p.^ain  cli.injai   in   thu  values   of     d     rmd 
0     had  little   effa;t   oa  the-   o.ii.nse  of     (L/'B).,,^,.     The 
optlruo  urran^PBoat   of   ulreul/.r vine   t*:iki,   vith   thr   tank a 
farther  away   fron  the   »lr.*.-   aurfeeo   nni   nt   uaprozlaatcly 
loro  B^'-ü   of   nttntic   !it   the   srulalnr condition   (d  »   8.16 
In.   tnl     i a  6.0°),   (iov«4   slightly tetter   Rarodynn&lc 
Character!st los,   iiiwttfj,   th:m   the   otner  clroulr.r  winjr- 
tanfc arrangemente. 

The  resulta   of  t>.d3*  te*ts   ^how that   the   addition 
of   external   auxiliary  fuel   tnutn   for any  conventional 
fir'hter  p.lrpit.te   s.'-.otld   ir.cr»=aso   the rai.ee   fron   2500 
to  8600 Elite. 

Longitudinal   stability 

C'int.er-of-gra,vlty   location.-     Th«   t.-.tks   of  rectan- 
gular  cross   sietioi.  wort.   ittt-.eh..d  to  th« airplane  r.odel   in 
a trnnuf   augpistod  by   th.!  Aray Air   rorecs,   Xnteri^l  Comrcond. 
The   ooiitcr-of-t.rn^lty   loc-.ticr.   for   arch   of   these   tanks 
fully  irnd.-d   is   *hown   in   figure   5.     Th-;.   norm.-a   center   of 
gravity  of   tin.   pl/ilr.   -irjilrvae   vould   to   lo'cr^d r.ai  aovjd 
rearward vith thv   r.^dliion  of  there   tr.r.'cs.     yi^arus  9  and 
10   show the   cintur-ef-rravit;'   location   cf   tiic   clrcili.r 
oro?s-efctlon   tmikr.   fully   lor.dci   relative   to   tho   r.crisr.l 
fired  ctnt'jr   ef   f:rr.vlt;r   cf   »he   pli-in  .ilrpl^.tiu.     All   ths 
circular   t^nl.-s   were   so   nttr.chüd   tiet  th^ir   c;r.tcr-of- 
srrvity positions  waro   (•iroetly  ünci-r   t:;>-.   lor.tor   of   gravity 
of  tho  plain  airplane  at   the   hina-sr-eed   condition  for  all 
the   cocfiffurntiias   tngted.     "he  position  of   the  resultant 
center   of   jrt-vlty   would   thua   be   lowbred  and  coved   ahead 
vlth  the  airpline   flyir.^   In   the   region  cf     (t/L), with 
tanks   full.     This   condition  would   tend   to   Increase   tho 
negative   values   of     ilnM'l     und  vould   therefore   five  core 
lonritudinr.l   stability.     "he   resultai-t   ccnter-of-gravity 



location will vary with the weipht  of  fual  In  the  tacks. 
This  t.ffset will depend upon the  jreoinotry  of  the  tank 
installation.     As  the  weicht   of  tho  fuel  ie   dlxlnishod 
durlnr. flight,   tho  oentor-of-grrvity  locntlon  will  novo 
forwr.rd  If   thj   tanks   are  pointed downward  and   roi.rw.irl 
If  tht  talks   iro  pointed ujwnrd.     If  this   off:ct   In 
eorlous   In   r\ny   Inetr.llp.Msr.,   a  6ii,-:-c("ted  rccely  wouifl  to 
to  livl'.e  the  t.mka   Ir.to  s.v.ri-.l   lanpi rt«in>:ts.     Tho   fuel 
could  thus  to  drnln.:d   simultaneously   snl progressively 
fron each  end to  th-j   ccni.r  of  tho  t>nks.     The  dotorminn- 
tlon of  the   ojnt tr-of»tTrr.v;ty   1 err.tijr.   of   tho   complete 
r.lrplrnu vilth external  aav illnr;-   fu:l  tn.;ks   lnvolro  other 
weicht   virlr.hloe   Bill:  fig  tho   wjlf.ht   of   tho   offipty   tinke 
r.nd  tho uncesenry  additional   structure  for  nttuchB-ji.t , 
whloh r.re  natters  of   specific  design. 

PltBlilr.a-r.oii.ent   coefficients.-     TJ-.O tyj.lonl   pi'oching- 
Bonont-coefflatent   curves  lreanr.ted  in fl.5ur.s3  IS  to  16 
have toon rofurrei tc   the  fixed norwal  conter  of   gravity 
Of  the  plain  alrplanu  to   facilitate  comparisons  of   tho 
aeroiynaalc   o:"«cta  on  the  alri<lur.e longitudinal  stability 
due  to the   ad. It Ion  of   ectern;ii  auxiliary  fuel  tankc. 
There   ij  nc-  appreciable   chance   In     liCc/iCj,     because  of   tho 
addition of   the   tavikb.     The  trio nnt>o3   vary,   however, 
hut  no defi.:ito  trends   arc   :pparoot. 

50MCLUSI0KS 

1«     The rectangular  tanks wuro tho  least desirable 
of  tho tunk  nr-an^jB&nts   investigated  because  of   compara- 
tively lnr^o   udverso  norodynaiaic   cff.,'ets   on  tno   airplane, 

Z.     The  circular wi»r: tnaVs   shoved r   tind.ncy  to 
decrucsc   the   =!.: liUE  vr.l-.i-:   of   the   lift-irpt-   ri'.tio  with 
a decrease   in  the  Jistan^a  t.itvo^u   the wing nurfreo  and 
the  tanks.     This,   effect  was   apparently &•:<••   to  inturferer.ee 
and r.ay  become  core pronounced with   Map and aileron de- 
flections. 

?,     Ehe   circular  fuselage  tank bCftle   of   icciier.ee 
aal vertical  dlstafecd   fror,  the  .lirplan»   surface,   within 
reasonable   Units,   had  p.  no«1 l,»i":.le  effect   on the   aerody- 
namic  characteristic«  of   tj a   complete  airplane, 

4.     The   pddltion  of  circulur fuselage   tanks   of   150- 
gallon and Süü-gallon fuel capacity  lowered  the naxisua 

\ 
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ralua of tho lift-drag ratio of the airplane fron 2.0 t 
4*8 f öroon-t, ropoctivoly. 7hose tonic errangsaont• ar 
con» Id «rod tlitj moat  desirable  of the  configuration« 

lan^lcy i.'pmorlr.l Aeronautical  Laboratory, 
Vatloaal idvlocry  Coaalttoc  for Aeronaut lea, laa/^loy  yield,   Tn. 
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Tie. 3,4 

rigure 3.- airplane tradel nth the «sail circular external auxiliary MM tanx 
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